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I The Ames Aeroneutlcml Ltbontory at the NACA 1 b locmted oo the Mavy’i Mottett Field, neer Sen Frencisco, CeUl. T1» lib' 
ormtonr U chtefly devoted to hlch ipeed eerodyoemlce, and bee the lersesl and aoine of the taatest wind tmnrta in the world, 




ORGANIZATION AND FUNCTIONS 
OF 'THE 


Die national Adhrlaory Com* 

I mlttee tor Aeronautlea was natab-' 
Uabad by the ContrcB* In t^tS aa 
the fovemment’a aeronaotlcal re> 

I aeareh asency. The hiiabliag set 
specifically cbargea the MACA with 
"Mudy of the problems of tlkgM with 
1 view lo their practical soluUon.' ' 
To this end the Committee operates 
Its own .research laboratories, eo- 
ordlnstes fundamental research 
profrans.p other agencies and en- 
conrages 4 nd supports research in 
scientific pnd oducatlonal lnsUtu> 
tione. Soch a scope of activity U 
made possttile by Che structure of 
thcHACA. .. 


The esaln Committee of the 
VACA consists ^ IS members ap> 
pointed by the President. They in- 
clude two representatives each of 
the offices in charge Of military sad 
naval aviation, two representatives 
of the Civil Aeronautics Authority, 
one represenlatlve each of the 
Smithsonian SnsUtutton, the V. 
Weather Bureau, the National Bu- 
.reau of Standards, together with six 
additional persons who ere **ec- 
bualnted arlth the needs of aeronau- 
tical science, either dvll or mili- 
tary, or skilled in aeronautical en- 
gineering or Its elUed sciences.'' 
These latter six serve for terms of 


'five years. 'The representallves bi 
government agencies eeyve while to 
eCfice. AU members serve as such ^ 
wtthout eoDpensatko. . .v . ^ - ^ ' ' 

... . 

The nmln Committee Is soi^e-.:,^^.^- 
onenled by a system of techidcal^^^..^ 

. oomtnlUees auid subcommlUees to 
.prepare and recommend to the oisin 
-Committee the diagrams .of T 

..wearcb to be conducted th tthelr . 

speetlve special fields, tn AddUlaa,, 

: these subcommittees assist In 
ordlnatlng researdi programs And ' 
act at mediums of exebar^ of Ideas 
end biformstlOD among al} groups .• 

coneemed with avUtlQo. . • * 

. j--, ■ 


The strength ol the sulb<^ 
t( . system Ues In the (act tinA Its 
mc'n^rs nre selected from every 
brs 'ich of aviation and allied Inter - 
«st;i. Outstanding technical men 
from a variety o( avlatiist manulac- 
turing eompanles; from educational 
scientific institutions; irom the 
tnllitary establishments, the cora- 
merelai operators, and other gov- 
ernmental aeronautical agencies, 
are recruited for sutooowatttee 
oervlce. 

Administration of Committee 
Research actlvltleE la carried out 
a Director of Research, who with 
ids Immediate ataff In. Washington 
controls the operations ol the 
NACA's three principal research 
laboratories and awards research 
contracts outside the Committee’s 
^'^aNnt fselUtlea. 

Original and largest laboratot 7 
la the Langley Memorial Aeronauti- 
cal Laboratory at Langley Field, 
wear Hampton, Virginia. Research 
.conducted here Involves vlrtitally 
' Avery phase of aerodynamles, ,lty- 


drodynamlcs, al craft atructuret 
and aircraft load . A flight station 
for pilotless aircraft at Wallops Is- 
land on the Virginia Coast Is oper- 
ated in eonjunction with the Langley 
laboratorv. . ... 




and better ritiUxatlon of scienUUc 
manpower Is achieved. 


on the Virginia Coast Is oper- Idoreover, ^ training toen In 
in eonjanction with the Langley outside groups In the special 
>ratorT. technique of advanced re- 

»earch worh the depleted reserve 
The Ames Aeronautical lab- of trained personnel As being re- 
oratoryon the Navy's Moffett Field, ^enlshed. This is one of the prfme 
south of San Francisco, Callfornta. objectives of contract research, for 
Is concerned primarily with Ugh- Ah* Orardid aaffoaa damage load- 
speed aerodynamics and has the vanead tralMag pregraras. Inaw- 
largest and some of the fastest wind cetlng research contracts, onfver- 
tmnels In the world. alties introduce graduate and under- 

graduate students to the challesgliig 
The Flight Propulsion Research . and exacting requirements Af od- 


Laborstory is located at Cleveland 
Airport, Ohio. The work here cov- 
ers all problems of aircraft propul- 
sion, including the special super- 
sonic aerodynamic p^lems eon-, 
•acted with higb*«p^ propulsion. 

^ "Tbe WACA la oonstantly ex- 
panding Its efforts to let research 
eontracts with unlveratUes and other 
organisations having aultahle equlp- 


vanced research, giving themqppor- 
Aanity to .develop their capabllltict 
In that direction. 

The product of researdli in all 
these laboratories l6 an NACA tech- 
jwical report eoUalnlng detailed sad . 
accurate InformalAonoa the lawaaad 
principles governing design, tir the 
me of aircraft, or the behavior U 
gases snd materials taider a variety 


ment. By ao doing, effective use of eonditiona.. They are distributed 


other research faculties la made, 
dupUeatlon of aquApment la avoided, 


AS a govarnmeid aarvlee to dealgo- 
wrs, manuiaeturera and operatora el 
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The IIACA PUoUeei Mrentft Ren^rch eteUoo te loe«t«d oa the VIrglaU*fl«<«^ ft ^ 

of lerodywunie* taiooeXnl H eeryWich epe^ls In tree lUfht, tad U opented In c^unctloo with the Uniter Lewtetory. 


aircrtfl, end to technical and acien- 
Ulte.Ubrarlea throughout the eoun- 

Ury.. ■ 

In chooalns an alrfoU, lor ei- 
ample, a ^signer can eonsttlt the 
compiled charaeterlatlea of airfoils 
and select the type best suited to hla 
porpoM. Prom the accumulated r*> 
search reports on stability and eon-'-' 
trol.he can design sUbiUty and good 
handling qualities Into an airplane. 
The same is true o( power pianta, 
stmetures, propellera, and ail air- 
craft oomponenta.' tnlormatlm pro- 
vided extends to problems of opera- 
Uoo, such as icing In flight, loads 
sustained la flight, and landing, and 
even to emergency ditching of land- 

■ The itACA la an importairt In- 
tegral part of the air -power atruc- 
ture of the United States. Closely 
allied with the manufacturing, dvll 
operaUmis, and mlUUry funetloa, 
Its oontrtbdlop of, fundamental m* 

' f; 'T^j ■'■ 


March Is praetiesliy anlqiie. *uch 
Research Is essentially a function of 
the Government, because of Ita rel- 
oUvely low eoat urtien the reaults 
•re available to aU lor application 
to design and operation of aircraft, 
'lloreovtr, 'dondamental ‘beientiflc 
research la dependent on an almoa- 
'phere of freeAam from immediate 
•peciflc goals and time tables, free- 
dom to discuss and exchange tdena, 
and freedom from controls and re- 
strictions. The laws of physics are 
discovered more readily by area 
exploration rather than by pursuit 
o( apectt ic ob}ectlvea leading to im- 
mediate profit. The discovery «f 
•ew knowledge, Vhlch la the prime 
ObJecUvc of HACA research, flour- 
. Ishes only In an atmosphere d 
' preateal freedom and algnala each 
importanl advance In the aeronadl- 
cal art,,^, . ' ■ 

As aeronautical science ad- 
eanres to new Helds of higher apeeda 
.and l^her altitudes, its problems 


,v I 

become more and nMire interwoven 

the Other adetmea, wntllsro* 
pulsion Involves suclearphyaleaaad 
Mrodynamlcs Is eoncemed with the 
laws of thermodynamics, fn this « 
sxpandlng and deeply probing field, 
:^jOf>portunity ^ -afforded -lor 
■ ianging studleB that have becoM a . 

-ctollengc fccceptwl .“by *0111® fli «c 
best minds tn the country., .. 

*:.c 

The laboralortes Of tl» HACA 
provide the scleniisls who hnveeho- < ; 

sen to work there with the ttnesl #- 
-fuipment tn the world for the •old*''^^r^ 

. fkm of their problems. In ainay . 
fields ol study, Individual equipment • 

- Is plumed and devised br the aagi-->»^.. 

. Beerstbemselves.andamplelatltuda'^S?^' 
la afforded for creative togenutty.^' 
^ven the larger ttemi ot squlpraeO^^td^.: 
aoch aa the wind tunnela, hMr* besa 
avolved In this way through ItACA ; 
experience with resear^ aeada. 

The laboratories are iDaliitatned to ' ' 

^ovlde dependable knowledge aa- - - - 
available from other aoureea. 7 ^ 
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! HDBLEMS AND TOOLS 
or RESEARCH 




Dasic research In a broad dy- 
banwc field such ss aeronautics Is 
an <;vcr -expanding activity. The 
fimclion of the NACA Is to probo 
area.'^ol the unknown for new knowl- 
edge td the phenomena of flight. Up- 
.ann establishment of each new brit^re- 
iwad. the organisation must exploit 
and develop knowledge to the point 
ef practical application by the In- 
4ustry, the mlUtary.and civil <^r- 
ating groups. Frequently, the de- 
velopment of new knowledge result- 
ing in new aviation perlortnsnce ex- 
poses a new unknown area -which 
,aittSt be explored. ^ 


ilany research problems have 
been with us for a long time and rc- 
eiulre unrelenting effort lor contin- 
ued progress. Solution of some lead 
to new ones such as the difficulties 
Involved Intranscmlc and supersonic 
dUght, which are as atrange and 
meaningful aS those attendant aptm 
the first flight of man, 

HACA research lacUlUes have 
grown apace with the new and ex- 
panding areas of research. Because 
of the time differentia] between bas- 
ic research and ultimate successful 
; ^veiopmeat, flie newer -research 


equipment reflects, the irtiape 
things to come. -And yet, the <4der - 'i - 
equipment rarely becomes obsolete 
because so long as aircraft must 
attarl from rest and return safely to 
rest; so long as the need exists for 
better small personal aircraft, for 
iarge transport aircraft and for 
-personlc iaschlnes,researeh equip- 
nent spanning the entire tenge of 
performance and else Is requlrW to ^ 
pperate at full capacity. 




«ju! ■; >enl of exploration, t- 

stvc ’ the array of physical Tt- 
•earri< equipment may be, the pri- 
mary foot <tf any research organi- 
sation is brain power. From the 
ere? ti -e thinking o4 the curious mind 
evolves the Incisive recognition of 
the research problem and the de- 
sign of exploratory equipment. The 
NACA has aucce^ed in attracting 
to lit: employ many o! the finest 
acierliff': and mechanical ntoda In 
the wsrid. By virtue eS the various 
committees there has been mar- 
shaled the outstanding talent of aero- 
naut leal America. The following 
pages describe the problems against 
which this talent is deployed and the 
to(Aa for Uie taak. 

For convenience ol deacrlption, 
the areas of HACA reaearch are 
roughly divided as foUowa: 

' Aerodynamtea ... 
Hydrodynaiaica 
Proputalon 
Alrcralt Loads 
Airframe Conatroctloo and 
M aterlala 

Operating Problems 
Physical Research 
TUght and Pllatless Aircraft 


The rapidly increasing spesd «d 
military alrcralt and the prospec- 
Uve use of high-speed flying mis- 
siles have placed great emohaslsoo 



«n aatal-dmi turho-Jet aagtae U prepay 

^ted operating cowHttoos la the AlUlude Wind Tubd*! of the MACA at Clavel^. 


aolttUon of the problems of high- 
speed flight. Wartime developtneot 
scsiilted In military aircraft capable 
■ of level flight at speeds exceeding 
550 mih. At such speeds, eerUln 
.aerodynamic phenomena associated 
<«rlth compression shock sad the at- 
tendant airflow aeparaUon appeared 
to Impose serious limitations to any 
further performance improvement. 
New aerodynamic techniques lorde- 

• — — > ** wtatevli 


«cciir, together trtth new and more - 
powerful types df propulsion ays- ^ 
terns now available, will permit adb- 
^•itn ai increases of speed. The 
high-speed ilrplaaes of the near Is- ■ 
tore wiU lly faster than the speed ^ 
...AOSShd* V.': ^ ■* 

iBxtenslve titvesUgatloos 
.wings sad other blrplane eomi>o- - 
aeats are being conducted In wlad ^ 


New aerodynamic lecnniques lorwe- aems are kwb 

laylngthe flight speedat which shock -^unnelssnd In flight to perfect kwmm 
.Ml fnr mtntinleinr the ad- methods, sucb as planlorm varla- 


occurs, and for oilnimlslng the ad- 
wefse affects of shock when It does 


^ - f- '.ti ^ - .V : , 





a dvhsnrtcfcUy scaled airplsne model being launched at the NACA'a Pll^eM 

StatioiL lalonraUon Is obtained ttr^h teiemetertag end traditag. 


methods, such as planlorm varla- . 
flons and botmdary-layer eceitrol, '• 
for allevUtlng shock losses. Bel- - - I 

tar ander standing of Ihe mechanics 
afaodi waves most he atiUiiisd 

■ Wirough f «ndameatal and theoretical 
atodles. Inasmuch as lUghl at very 
high speed appears to demand rsiH- 

- wally dlilereat aDnligaralioits groin - 

•those aaad for alow apead lllght, 
means of saUsfactorfly flying such 
configurations at the kw speeds re- ....m.. 

' hatred lor landii^ and take.^lf'Wte 

■ being studied. ^ ^ . .' . — . .VJ" 

In the lowdr a>peed .tagion 
' gUghl in which commercial frans- “ 
j;gaTt and cargo airplanes now apar* 
further Increases tn apeed aaid 
^ range and lurtber reduction tnoper- , 
atlng costa may be expected throng ■ 
aerodynamic rellneraeid,''.^y*ts»-^:^' ^ 
Stic Investigation of tbk b(^iflOle ,v 
range of airlolla ;perinittlng saten- - / / ’ 
alve laminar flow ia being exacted * . 

In low -turbulence wind tunhela and 
to lUf ht to correlate and evsloate 
the various alrtoU charadertstick. 







thepnsslWlltlesrf Ur?e«»iM Iwm 
-:. ^4bPUM<rftoowMtary4ay«c^»>;^*°^ 

. . rcduclnc draE «wl "5 

jBUjn Hit teve been '***’'*\y 
r^, ,wj must t>e 

. thwreucau, e^r - 

V' metitally. tn wind »«""*** 
flight. Further 

" ‘ ' ietJcal »nd wperlmenul •tndles oJ 
. ^unanr, ^yer ^ 


V compressors to 
higher presBures and larger eol 
«nes enUlls •nergettc ««"**’ jj 
achieve best periormance In w* 

STIoti-"' 

drlre large compresBors 
pellers involve atrlngeni 
ments of blade *«“=iency,-*tre^ 

ind resistance to ' 

Search lor new 

creased rtslsl«»e« to WE** **/*'i^^ 

atures andstreBses 

•early every component of new pro . 
palslon systems. 

•tbe presence "f*®” ' 

eiresBors and tarhioes revolving at 
Mgh speeds 

belter miderstandtng of irictloo, and 
iStaowledge that will lead 
efficient bearing sortaces and ma- 
terials. 

- --The Wlwe liwa importance ' 
theorwUeat research in 

— .-cannot be over -emphasis^. •**^^*^ 

«6. Through eoopeimUve ll^^T niMnnSd^Sleory keeping pace 

S«lnlormmiond.mrwtoesny P«>hlem. The science 

cnlesB 7 o 



snless means are ~ -r- ^ . 

. the burning process. C®roll;^ 0 
combustion research Is the study w 
«ew fuels to meet the new 

greater energy conlCTl. «mh Wh 

V . _i_^^ weadvlr«4« 4S 


’mtrtjjwotice 1» wave-w— » — 

Ingly eomplea and theory 
ancoaraged to keep 
to guide esperlmenl. «very 
of theoretical physics may 
vfolved to some degree in wy 
. ^ e oidisufal tf4iReB.reh in 


S^earer «er^ conl^i. W^both « S^^,^-r«s«rch 

h SJSmSics. ins.^ «ene^i_^ 


•umplion in reUtton *» «' 

celved. Thermodynamic study *e 


«l<w meur-. Km* CClVed. ’lTICr»nUUy*i»Mi.ir 

boundary layer are in . necessary to profvtde the values re- 

cause the f A n!S are JSred to evaluate the heal processes 

4rom Umlnar to ^ t propulsion syst^s and lor 

cslcuUtloo d periormsnes. - < - 


. wSton'oI turbulent I^s are not calcuU 

.^j.._.4Stdcrstood^_^_^ ,. 

• , 

.'X-'*. . T. .- Propulsion ^ ^, , ,.^c 


*ram m rneurc*^*'^* -- 

•eronaulics. As * feneral dnile, 
•«.r. iundameirtal capertroenUl 

TettosJ prbJ*®^- to view d the 
•Merable eatensl^ d 

iaelltties, an expansion « 

-4eal work is tojwo^^^ 

.i, . ^ .,.. .-v.f 








Ut9»l 


■:.— ' Propulsion .. 

■■ * the cay to new oomblnitloiis , ••'y ■ 

J.: Sir sf Is? ■ 

--^.^-bombostlon and reducli^ «tt ^ __ 


AERODYNAMICS 

SUBSONIC AERODYNAMICS 


Subsonic aerodynamic# Is basic 
Md Is an essentUl field of research 
for man .carrying aircraft through* 
out the entire speed range. Such 
study Includes Investigation of all 
kinds of airfoils and aerodynamic 
shapes. In a systematic program, 
the work Involves development of 
progresses to experimental 
verlflcatlemand development in ape* 
ciillzed wind tunnelsand Is then ex- 
tended to larger scale lii full-scale 
and pressure tunnels. Also Included 
In this work Is study pertaining to 
drag, boundary-tayer eootrol and 
Interference of airplane components 
in ccMnbinntion. 


in presenting aerodynamic re- 
search methods, it should be stated 
that flight reaeardi is one of the 
most important. Tills nn>Ues io 
every branch of the subject, but es- 
pecially to high-speed study of com- 
plete aircraft combinations. For 
this reason, flight research and ita 
•pecUl branches are treated In a 
seiwrate section entitled "flight 
end Motless Aircraft" <p. S4) 
rather than repeated everywhere h 
i^tplies. 

Ute KACA has pioneered the 
design and use of full-scale tunnels. 
The 90- by CO-f oot Tunnel was the 




Tsrgest ever planned tPhen ft eras " 
.-completed .In IMi. ft has been eta- 
needed in size only by the* <0- by 
•0-Foot Timoel at tt>e Ames Lab- 
M'tory. The two tunnels are used 
to large-scale drag investigations, ‘ . 
boundary-layer Control studies, and 
.-Are particularly valuable to iiives--'t-^^ 
^Ung stability and control, in the A'. 
landing speed range, of large-scaie 
Aflngs and shapes designed for hlgh- 
Apeed and supersonic flight, .gn . 
^ese tunnels full-sieed mlrplaneb ‘ 
can he studied with engines operal. . 
f ftg .whether powered by recipr oc^ - 




k --'i- . 


i ‘ A' 



*;■ -t.J. . ■ ' . . ;■ . -- .. _ ".'h. ^ 




The 40- by •0-Foo< Tj^ns 
t) !arpcsl iji the world and \„^pn 
\]S' J to study airplanes and wlnf; 
pa ><•'16 up to to feet in span. The 
wniire structure covers an area of 
wiplit acres. The largest part of the 
air passage, ahead of the test sec- 
tion, measures 132 feet high by 172 
feel ertde. tn completing a circuit of 
the tunnel, the air — 34,000,000 cu- 
bic feet, weighing about 300 tons — 
travels nearly hall a mile. All the 
tunnel controla.aa well at those ior 
the airplane angineE, are installed 
tn the balance house directly under 
the test aacUon. 

^Two-Wmenslonal Low -Turbulence 




The KACA has developed many 
Specialised wind tunnels tor partlc- 
slav ynirposes. florae of these are 
pressure tunnels. In which the ef- 
JecUve scale of models can be tn- 





fleocmd largest wind tentel ts bils aO-by flO-Foot Tunnrt st the Lay ley Aatorateiy 
"’It pennlta study of lsr*e*acale wing forma and aircraft at apeeda sp to I»m*n. 


' ToU -fleale Tomiets 


V *; . .I-. .W ^ 


The 40- by 80-root Tunnel - Ames 


'Test Se^ion 40 a W ft., oval, eloaed 

0 peed • flOO mph 

Power - - - 30,000 hp 

Pressure - ^ - Atmospheric 


The 30- by flO-root Tannel - Langley . 

‘Test flection ♦ • ••• w » » •'fl0s.fl0fl.,p*»l|*r«» 
«peed 130 mph 

i 

Pf 0 g 5 iifs » • — • » • Atmospheric ' 



' ' -T 


I 


Spiii ffi 


pracUcat appllcatiot) of airfoils • 
to alrerafl was the rcsdtt of conttn* 
oed work In these itsmels to erals*^’ 
ate conditions such as surface rygh*;! 
ttcss and Aeforsaation fliat wo^pt ' 
VJircsent tn any mamflariurA wln|. ^ 

** ' “^llie tbiprcssurlXM i 

.^til^T*”"*^*^** * **** ' lence tunnel was completed 1 b 1311,1 

. "i.f t v T ,, r,nr.irtrt,i« iifT to' ?t*P mph ■ffd pv"- h™! UiB Low -TuTbulenc* PresfOT* J 

TVmnel la 3341, -They are ase^ 




■ * • 





Hi ly lor airlolt research anC^jdy 
ol h jh llit devices and control sur- 
|ac»' wider finely -controlled condi- 
tion . 

The 19-root Pressure Tunnel 
and ^e 13-Foot Tow -Turbulence 
Pres^e Tunnel are used to extend 
research on alrlolls to the study of 
complete wings at high Reynolds 
ai'mliers. They are well adapted lor 
study tind Improvement of complete 
winf. characteristics, the develop- 
ment of high lift and lateral control 
-devices, and evaluation of Improve- 
ment ol sUbiUty, etmtrol, and per- 
formance characteristics of air- 
planes in the design stage. 

A unique feature of the Tt-Foot 
Tunnrl at Ames Is that by partially 
evacuating the tunnel, 'fnvestiga- 
tions can be taken up to sub- 
sonic Mach autnbers. 


. , 10-Foot Tunnels 

Theslee and speed of these tun- 
nels makes them well suited to a 
wide variety of general aerodynamic 
and control studies. The correc- 
tions for data from these tunnels 
have been so well esUbHshed that 
excellent agreement Is obtained be- 
tween tunnel and '(light results. Ac- 
curate predictions of handling qual- 
ities of a design can be made. In 
addition, -they are well suited lor 
fundamental research on such. prob- 
lems as tdgh-Uft devices, control 
surface filnge inomenta, wad the 
boundary layer. ^ ... 


13 -Fool Low^urbulence Pressure Tunnel - Ames 


Test Section 
'dpeed 
Power 

Pressure 


U ft., circular, closed 
wp to T50 linph 
11.000 hp 
1 io'i aimoapheres 





The lO-Foot Pressure Tunnel -yjwpiey " ", 

Test fsctloa ^ak n (t.',‘tdredlar,'%lD(i^ ■- 

Speed ^ 10 lo teOmph 

Power - s^booAp ■ 

Pressure •,•»•»>« i i. » . . . • 1 to 1 1/1 atmo^diereis ' 

"Two-Dimensional Low -Turbulence Pressure Tannel T,i.ri.ri, . 


.T X 7 1/1 vectangularj iJotsd 
- - - ".stoisomph 


. .. 1 


-s&i " I 




T'e.st Section - - 
Speed - - - • — 

y^r . . - * « ,: ; t.ooo 




Test Section ... j* 7 1/2 n.,«etaiigularrcJosed " ‘ ^ 



.Speed - - - ^ - - - * • .. -* 199 ^^ 1 ,- 

Power * ^ ^ ^ ^ V * - >1*5 hp 




Vi - -.g- by lO-Fooi Tswitls 


'TT.-x. . - f angley Wo. f and Ames Wos. damd 1 


^odel of JB'l ready for control inves* 
itauoa la Langley by 10-Foot TutsiaL 


Test Section t V • “.•Ta 10 fl-^Feciangutar/iSorfB?^^"''’ 

Speed >• w— — M mjih’''Ti^^-«-'‘- 

Power* — a'*»Wl^ijlOoC'S^-'”'-'; 

. .. . - . ^ 1' Isngley Wo. 1 ' - — 

Test Seetloa' • * 

S|>eed ----- -•- - 

'fbower ■* - 


‘"•w. .'K ' . 

tfomlMl 7 a 10 It., rectangalu,^oiiid , 

' . - r * * -• • ' - - *®o ■*«» ^00 » W "" 

■ ^ i e .♦‘r— ' 
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TRANSONIC AERODYNAMICS 












' 8 oin« of the MACA'a outstanding 
jirorlclias been to attacking the spec* 
lal problems of aerodjmamics near 
4he speed of sound. Transonic prob- 
lems arose many years ago in eon- 
secilon with the high Up speeds of 
irropellers. Later, aircraft speeds 
entered the transonic speed region, 
and the NACA concentrated on the 
attendant problems. Mow, with su- 
personic Wght In the offing, explor- 
- atloh of the transonic aerodynamics 
field ranks high among the MACA's 
research protects. 


transonic field. The .wing -flow in- 
•wstigatlons and use bt rocket pow- 
•red and freely -falling bodies arlth 
telemetering are outstanding eaaro- 
ples, and are described more fully 
under the F14^t and Pilotless Air- 
craft sections of this book. 


, A wide earlety of Ttseardh Is ' ; 
conducted to fhese .tnanels on The 4^4 
hlgh-apeed characteristics «t.atr-‘'^ 
. foils, propellers, air Inlets, Internal 
now arrangements lor Jet^ropol- '• 
.alon systems and other ^rfdaae 
^womponeata. 




Unique research methodd hare 
-^^.n^Vbasn dereloped by the MACA to the 


Wind tunnels of anpnraUeled 
accuracy and efficiency hare been 
designed by the KACA for Its hlgh- 
apeed research. At this time, It Is 
possible to span the transonic speed 
. region by the wind-tunnel method, 
and the data hare proved to be re- 
flable. Following are the NACA tun- 
•els used to hl^ -speed resoarch. 


Plansare aoder way to Increase . f 
the power of the Langley IS-Poot i 
"Tunnel from Id, 000 to 40,000 horse- -4- 
-power and provide for speeds freat- k 
ar than the speed of sound. 


" fn the smaller tunnels Inveatl- 
..gatlons are cmiducted on the f linda- 
mental nature of compressible flows- ‘1 


..Jr.r. ‘‘..i: y',„. ..r-.;', , -The f^Qot Tunnel ml lAn^ey ' 

i’. the first latgc tannSl to aster . 

.'^■'■V;.r'i'»K;7i-’ '''’tI»e transonic range. 'H haq pvovld- . 
' «■!.- ad reliable daU ap to neaiiyabe 

-T’-'-’-r. -apeed of sound and Is responaUde. 

eft laacfaOf this design folarBiattoa 


.I'.;. '' 


r-Ti' in the transonic raseardh air-: 




'plsaes sow ajdsg. 








iPirai 




' j nit WiR 




/ :V',- '-’TypfcSl^ the larger high-speed tunnels Is this Uh-Foel Tunnel at the Ames Labor* 
' atory. It is powered Iqr a 27p00 hp motor and provides apeeds up to 080 mph. 


. - - 'Transonic amvdynsrales 'do A 
complex field and the need for the- 
■'itrf is great, tfost of our knowledge 
- at present to purely the, result of 
.-experiment. We do not yet know iU) 
.that happens swr ertiy.._;.rTbere to 
‘Challenging opportunity to this field 
for developing the mathematics and 
' Theory necessary to explain the pbe- 
-'•omena encountered tad io ^lutde 
Tuture csperliiteam 

' " A new fdece-oC equlpmcid used 
•to this field to a Bell electric eom- 
puler to provide fast, accurate ca- 
awers to the numerical BoluUon of 
complex problems . '■'•7 . 

. V- •" V ' ■ ' 






















AnUyses based on Information 
^ •on aralUble Indicate that man- 
, v carrytng supersonic flight Is fiosBi- 
' - Me vlth .propulsion wits dl the gas 
-turbine and ram>Jet types it their 
irresent stage of development. This 
jposstblllty has opened up a great 
tww field of aerodynamics. Rather 
' 'than slmpltfytng or eliminating old 
' jprobleins, It has added a host of 
pew ones. To the old problems of 
low 'Speed stability and control there 
are added the transonic and super- 
honic problems, eotatllng whote new 
. ju-eas of research on alHolls, wing 
“and body forms and propulsion. 


Although i^aeot - theories of 
w^rsonlc flows sre fairly well es- 
tablished, a great deal M expert- 
' pient reinalns to be done to ooMtrm 
Ihetheory. Added knowledge Isnec- 
Assary on.eondltlons of large dla- 
turbances, where present theory 
' . ; does not apply. Extenslao and con- 
:^^:,r:Rrmatlon of tte theory is needed 
tor the design 01 any of nuper- 
donlc aircraft. 




SUPERSONIC AERODYNAMICS 




To aid In the quest for fcnowN 
edge about aupersonic flight, the 
MACA hasdeal^ed and built aniun- 
ber of ottparsanic wind tunnels — 
nbout 14 — mnging In aiae from a 
few taches to the 6- by 6-4oot giant 
at the Cleveland Laboratory. In 
oonjunetion with the rocket, free- 
falling body and wing -flow teeh- 
-nlques for spanning the transonic 
sane,NACA facilities now cover the 
•nitre speed range from low sub- 
aonlc speeds np to' 4.5 times the 
speed of aonnd. • ’ ' ■ 


In view of the Importance of 
scale effects at supersede speeds, 
supersonic touiels even larger than 
-^4he <- by l-f oot will be needed to { 
-accommodate nafllclently luge 
models without twnel idtoking and 
'shock wave reflection. Wore com- 
plete knowledge of the basic nature 
of supersonic flows Is required for 
adequate detail design of a very 
large supersonic wind tunnel. Wore 
basic research will be needed lor 
" the continued Improvement df-pu- 
-personlc wind tuonel dMign, 


cither problems not naneeptible 
to theoretical treatment are bound- 
Ary layers and their tftteracilon 
>«nth shock wave formation In super- 
*0010 nows;Offeets of scale orRey- 
wolds number; flow of rarefied gases 
■ In relation to aerodynsraics at sa- 
rlremely high altitudes, dealing with 
t ~;fiarUcle tneebanlcs as contrasted 
" . ":witk more normal fluid flows. : _ 

problem of aerodynamic ■ 

- ^ "ImsHng, 1" relation to the pUot and 
; , , . Che airplane Mriwture Is Important, 

' ■ " ' htf this can be treated theoretically 

- t ''vio some sxtest. 



This Intlery of manometers reglBlers the pressures ov.er alrfotl and model sur- 
faces la one of the. superaoiUe tunnels at tlMFUghlPropulslan Research Laooratsm 
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Test Seetlm ln,, «lo»d 


<-toeh - Lsftgley 

-Test Section - - S* T 1/3, e*^ 
"t Speed . - ^ - t >* 1* ^ * ^ 

tntermittenl Bopersonlc Tunnels 


S-toy S»Feot Wo. 1 - Ames 


Test Section . 1 « 3 ft.,^aom 


Pressure •‘^srlsWe 


A supersonic wing model r«4y for study In the Lsogtey «.^h Supei^c W 

•ith^er wing tndhxJyforms below. The tumvdpTwidesMschmunfaors up to 3t.m« • tWMrttiM «i TiSAMc «ec 

t'-'dloe, p.'il) !. 


Continuous Supersonic Tunnels 


18-lneh - Clerelsnd • • =KecUnguUr Bigh- 


Test Section . -lists to., dosed - 4D«sc^ to Trsflwdc 
<« by i-Foot - Cleveltnd i^peed SI 4.* **«». P- . . - • . | 

Test Section * - -«**lt-.'dosed ' '■*' 


_.:vr:t5' f. 


im 


6-Foot - Ames 


f ■■ 


WiAt 


Test Section - * » 4 s 4 It., dosed 


I -Foot - Cleeelsnd 


Test Section ... 4 x S It., dosed 


3-Foot Wo. t - Ames 


Test Section - - - I s 1 ft., dosed 
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STABILITY AND CONTROL 


In tbe Held cl tlr[Aane sUbllily 
-ftnd control, the rapid increase in 
airplane sire, cpeed and power has 
' ;^c*8sltat«d an loereaalnglr delicate 
adjustment of all the lectors alfrct- 
tne the flying qualities of aircraft in 
arder that the work of controlling 
■ qhe alrtdane does aot aaceed the 
■^lot'a capafaUlUet. Control forces, 
•lor example, Increase approximate* 


ly as the square e( the apeed and as 
the eid>e cd the aUe. For geometri- 
cally aimllar airplanes, doubling 
lx)ih the alee and speed would In- 
crease the control forces by a fac- 
tor of about 32. A greater propor- 
tion of the forces must consequently 
be balanced either aerodynamlcally 
.-.«r bf means of aaxlllary power sysr 
terns. With eery large or eery fast 
alrcrslt, aneh a large proportion of 
the forces must be balanced that 
.relatively small changes in the air 
. Jarees, reaulttag from Uttle-uader-. 
btood Electa of Mach number. Hay- 


’Holds ntanber, a^ surface eoveTfii|| 
deflection and roughness may chaq|l| 
the net force the pilot roust hudU a 
by several hundred per aent. As 11 
result, independent and sy^emtUc^ 
fundamental investigations are beln|' 
conducted, utilizing the most aittt>| 
ahle wind tunnels and covering sec*J 
,da8ary ranges of Mach amnber, Bey 
' Holds number, and alrloU, tentr^? 
and balance shape, ^esedalaart l 
being eoordlnaied a»d vatifled bf] 
night tests. . ... 




funnels 


tDescrtbed in Bubsonlc Aerodynamiet aaeUcm, p. tl) 


'"A large part it the Idboralof i 
-tevestigatlons of stabUltyandoontnl j 
Is conducted in facilities also assd| 
in gantral aerodynamics, lnaddl*j 
tion there are several faclUUespar*'* 
‘tleularly designed for thle'umh.^ 


VullAcale Tunnels 


' ^Described fn Subsonic Aerodynamics sscUon, p. 10) 




’ ' Bpeclsl mem branches of iU* 1 | 
* .'^tUty and control study are included 
In transMic aapersonic sere* .. . 
dynamics, in ^Ition to these, caa-i'- 
’ ducted In the high-apeed and mmer-- ‘ 
.sonic tunnala, ttere Is lbe,am ftsM 


'^st Asetfon * ']U^Msd po^ripm, BO ft, hdross 

.Bpeod - - - • - * > -> r r .*_•? raph, vertical 

• ■ ■ , , \.,.peirer 7,* dOO hp 

.'yur pose stediaa aadfnaaitc aBodels';;^ 


■jet automatic atabUft/ aim coolreL 
InvestlfaledbTuaaaadlredmftM K 


. Investlgaled by auaaa dl redmf tM 
vehicles. This work hi descltbed 
Aoder PUdtlesa Afrcrslt,».1H. 




Stability Tunnel 


itVeASsdUoe • - - Approximately It. equare.'elrcular And 


, V;-. tanguUr. aides adlustable lor curving flow; . 
vanes In tlrcular eecUon for rotating llov 
* « * '*.*.'* Tito ISO to 390 mph, aeeorttng to section else 

--fOO 

,.V' ^Purpose - Study of AabUlty and control of two- and three-' "* h. , _ , . ..... 

■ ti' ■ dimensional models tn earvsd and rotating ' The Xangley, Free per * 


'flow simulating maneuvers 


;mlu safe s^ qf dsaigos u fUghV 




PROPELLERS 


. iv’ i » 







41 spetdB op to At least 000 
mph, the screw propeller Is tbe 
tnosi efficient Joiown propulsive 
device for sir craft. Blifh sttlclen- 
cleR can be malntsineO for ail tbe 
Important airplane operating eon- 
ditions, Including take-off, climb, 
cruising, and high-speed flight, tn 
the laboratory, propellers have been 
designed, ■ built, and operated, that 
have jrlelded efficiencies scareeljr 
less than the theoretical maximum 
attainable. Subsonic propeller the- 
orf ts regarded as adequate and 
means exist for applying Ute theory 
tn practice. The only barriers to 
realisation of the high theoretical 
propeller afficiendes In commer- 
cial applications are tbe difficult 
mechanical problems Involved -In 
obtaining a completely clean )t»e- 
tnre between n wide alrloU propel- 
ler shank and the spinner. This 
problem lies In the realm of com- ' 
mercla) development rather than to 
tbe field of research. A number of 
special propeller research projects 
related to vibration, Icing, trailing 
edge ejtfenslona. Up shape, and so 
forth, remain to be worked on, and 
other similar problems wUf arise. 
Ihe most important basic propeller 
research at present Is that sdUch 
wlU extend the cntclent cpersUng 
range of propeller# Into tbe soper- 
crlUeal high-speed region. Propel- 
ler research Jn this dlrecUoo Is 
proceeding along three lines; one is 
an sKempf to increase (he erltleal 
Up hUdl) number by sweei^g back 
the prt^ller blade;the second Is to 
apply the prlbclple of low aspect 
ratio; Ihe third Is research on pro- 
pellers ' (or completely supersonic 
qperstion.^'v .-V,.- ^ 

^ V - > • 'V 


. Propeller research pri^rly 
begins with alrfoU research In la- 
-«illtles already described, sneb - as ; 
thetwo^mensional sad small high- 
speed tunnels. Blades and complete, 
propellers are studied in the larger 
high-speed tunnels, such as the 0- 
Tort Ugh>8peed Tunnel at Langley 
and the 16-Foot Tunnels. Complete 
engine In^Uatlonsare investl^tad 


Jn the 16-Foot and Fnll^Seale Tin- ' . 
wets. TlmBe sUxlles cover toe. com- 
Mned effects it the whole englne'|is-t;>'^ '' ^ 
stallatlon, Including Intsrfereaeewl- 
Jects on toe propeller. , , . ^ 

In addltldn, there are iome_^'^. 
^leclal taciltties (hat permll pro-^X "" 
Tellers and blade sectlonB to rsach 
tip speeds above toe speed of sottnd I - 





A ewert'bisde proprtier on a dynamometer mounting In the Langlay l6-Fort 
— csL liw wake-Survay iske to to* fear provides Infonnatton oe ttsde stflelmoy. • 
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"The greaUy-lncreased diversity These developments hive freat* Itesearch In the Held of Inter* 

of alrcr^t power plants and the Im- . ty omphaslxed the or^nt need for. :ttl sir handling is so much Involve^, 
mediate importance of flight at tran- Immediate ettenslons of fundament- with propulsion that the research la;, 
sonic and supersonic speeds have al Internal and external (low re- the two fields Is almost Inseparahtei 
multiplied the related aerodynamic search In order to make adequate. This Is particularly true at super- 
problems in urgent need of solution, progress In the design of aircraft sonic speeds, where such prtr^- 
Internal flow velocities In aircraft 'power plant tBBtallatiqns. ■ In addt- ; Sion systems as the vamHel Sr« « 
ducting underwent a large upward lion, aerodynamic refinement of air liaBlcally flying ducts. Consequent- 
revision with the advent of turbine intakes, duets, outlets, turbines, ty this subject Is attacked both In 
propeller and turbo-jet engines. As combustion chambers, compres- aerodynamics Md propulsion re- 
sonic flight speeds are approached wore, and sotsles must be aecom- •sar'eh. Wqiersbalc (umtals atw s>c» 
and exceeded, the familiar patterns plished K Che goals of high-speed tenslvely used in the study of ducted 
of external and Internal flow are and supersonic flight are to be re- body shapes. The laws governing 
drastically altered, ftaro -Jets have 4Ulsed. The need for fundamental wflicient combination of duet entries 
shown great potentialities as s pro- research In the field of external . end airplane body shape need to be 

pulslve means for flight at super- flow about bodies suitable for hous- . well estabUsbed to make sUperaoplc j - 

sonic speeds, and the development .Ing power plants for high-speed and dU^ a useful rsaltty. .. . 

of this type of power plant has ere- supersonic aircraft is as critical as . - . . . . - ^ 

ated a seed lor aerodynamic knowl- the need for extensive Isternal^low " " ’ '%ar ly resear chin tntenial aero- 

edge In previously unexplored fields. 'Wtaesreh. .v.*, • -dynamics led to the development -cl 

the radial engine cowling. That work '' 

" ■ ' ^ - has progressed through fhe Tears 

grom the dimple ting -cowl, aMtfl- ' 
/-cleiit for low speeds^ do the ssritis j, ni 
-df refined, high-speed eodUtqpftti^.'^ 
provide tor speeds in excess of those 
presently attained by' propellersd. 
dlrcrall. It now extei:ds lo siq>er- 
sonic airflows and the study at in- 
lets and diffusers In dupersonlc 
wind tunnels; j.u'., 

' In eddltlon go supeisentc tai- '. 
■dels at %11 tte 'laboratories, -41ie 
KACA maintains a complete indue-.. 
Uon aerodynamics laboratory, sdth ' " 
facttlttes that provide larp volame 
airflows over a ssnge of (ireasurM 
and velocities, at Its "Langley -Lab- . 
wratory. In conjunction with pro- . 
pulsion research 'CaclUtlet at (he 
Cleveland Laboratory, 'Increasing 
Duet sod lalft teat aetipe la the Inducttoo Aerodynamics Laboratoiy at Langley, oppoHunlty presents -ftseU^in this 
trogrew to higher flight speeda Involves major problems of Internal air haodllng. vital and expanding field. . 

■ * 't, • _■ .'.'I ■ 

■-.‘I ^ ? ‘ 'r. ■ 








HyDRODYNAMICS 


kiM 


Itmry tkcapl&ne of Uit future. The 
tntenstve ellort lovartf eery filch> 

•peed slrplenes tn the subsonic snd 
supersonic ranges opens op east 
possibilities lor the use of water as 
a tMdiuin for take-offs and land- 
ings Such possibilities make fuTr 
ther hydrodynamic research on s 
large scale imperative 11 the best 
solutions are to be found. The hy- 
Use of the seaplane in the war tfrodynamlc characteristics of eon- search. There are 
. demonstrated that Its speed and figurations incorporating the new 
• - - fanpe must be increased, not only prime movers must beotme^ed and 
.. - by reduction Of aerodynamic drag ol methods for tovesligatlng them at «0 m|^ 

tte hulls or floats, but also by de- High take-oM and Ui^lng spei^s -^ct 
velopment of Unproved over-aU con- need to be evolved, rundamental ^es 

figurations, and by incorporation of research on the properties of plan- known and eontroUed tondlUims. 

, - - all the technological advancements fngsartacea at high Froude numbers ^ fcraneh k 

available. -In addition, the flying andhydrofoUsal lowcavlUtlonnum- 
■ ^ boat Should be able to operate in the fjers Is Included In the progr^ to wt^y is 

eouchest seas Ukely tobe encoun- provide data for estimation of the characteristics of Uw^l^es.wl^ 
«-:vv vtoSl in service without belngtmduly forces acting at speeds 

t«n>^Iised by excess weight of struc- those for which dato are svailable.; loads Shd opera- 

ture. Provision ol fundamental daU The effect of sweep and dihedral t» ilng problems. . ! 

from the wind tunnel and towing tank, the performance hydroloils U , ■ - ' 

ased as a guide for the experfmeot- planing surfaces w bydroloUs to *A CA a^ located At laagiey 

•1 work, and the necessary eorreU - loeaUxe the heavy water loads loci- i^told, Vto^. . 

lions with actual seaplane operation *■’ ' ' 

to attain these objecllves form the ^ 

" * " basis of the hydrodynamic research 
program, 

- -■ , An order to achieve the best 
— .. compromises in design atrodynsm- 
and hydrodynamic research must 
gohand tn hand on such items as the 
rounding of chines, fairing of aleps. 

— . -changes in proportions and varia- 
tions In shape. Novel formsof hulls 
-and floats as well as a^plsne con- 
figurations are being svalusted in 
• . - barms of apray, stablUty , eoatrolla- 
’X."' ’ ; billly and water resistance. In the 
- V, ; tank the influence of design psra- 
. meters on the dynamic behavior and 
'-d.. t Accelerations In arsves are deler- 
A " ' mined la order that the retjulre- 
«l operation In rough water 
-3, V ;«•! ^ ‘®*® account by de»®l- ^ 

•®**'''***‘*' ' , f' 

V.' A 1 Development df new lorins of . ^ 

mopulsion will have a profound in- Towing Tank Ho. J st provMestewly 

1 %^ .'u wi the eommerelsl and mil- speeds to te to mph. laiA No. k Is I fin feel long, with toMds W t® dO mph. 


dent to high landing speeds .Co«- 
flgurstions of these lifting elftneot* 
that will bedynimlcally stable, eos- 
troilable, and free from mutual In- 
terference should be developed bf 
wysteinatlc teetlngat snd beyond tbe X 
bighest speeds avallsble In the taito. 

Tbe NACA has evolved tolqne 
facllltleB lor hydrodynamic ve- 
•earch. There are two towing tanks 
of a deslgpi pioneered by the NACA, 
providing towing apeeds ol 00 sod 
bOmph. toaddlUontheretsaatm-' 
•pact basin that accurately vepro-^ 
duces rough water landings under . 
knonm and controlled fcondlUims. 

"Another overlapping branch d A 
wtody is Investigation of ditching 
characteristics of landplanes.wMch 
.combloes hydrodynamic study .with 
Aircraft structural loads and opera- 
ilng problems. . ■ ^ ■ 

.JtU bydndynsmie faciUUes d 
toe NACA are located At Uugley 

^Id, VtrflalA. , . 



Towing Tank No. J at Ungliy,' ahown here, la 1,100 (eA long ^ proves towtiig i 
speeds to t® 00 *’®‘ ^ ^ **** d>®«ds to t® 00 sph. ' 


AIRCRAFT LOADS 


Apph«d loads are the forcee 
Imposed on aircraft structures in 
fUcrhl cqieratlons Including landing 
and tike<oft. These forces hare to 
he known quantltatlTely to ahlgh de> 
free of accuracy to Insure against 
structural failure under normal de> 
•lands and at tiie same time avoid 
excess weight. Structural failures 
fighter airplanes that occurred 
during the war as a reault of high 
Qlght speeds and latlurea of larger 
types of alrplanesas a result of dy- 
samic loads olther In the air or 
Airing landing have ampbaslaed the 
seed lor more Intensive research 
on applied loads. New airplane cm • 
figurations designed for supersonic 
flight have Introduced new problems 
In evaluation o^ the magnitude and 
distribution of applied loads, both In 
gusty air and in maneuvers, that 
must be solved If these new designs 
are to be isapablc cf actual lUght 
t wUbout dtsastrotts consequenees. 
Ib the commercial field, the troid 
toward very lattC* siaed airplanes 
has resulted in heavy InvesUnenta 
per airplane and a eoasequant Bsed 



for high otlllaatlcm. This trend, In ' 
combination with use of high strength 
alloys of relatively poor latigue 
properties as a weight -saving naeas- 
are, has pointed up the need for In- 
.vestlgation of repeated loads and 
other factors that govern the fatigue 
dtfe. 

fActlltles for researd) on air- 
craft loads are also located at the 
Langley Laboratory. Implementing 
the matheinaUcal and theoretical 
.approach, there are three Important 
asperimental.taelUtles: ' ^ . 

<lnst Tunnel 

■ ~nw Oust Tunnel Is a anlquh 
•arlnd tannei operating In a vertical 
plane, design^ to reproduce con- 
troUod and measured up and down 
drafts. Dynamically weighted and 
scaled models to 9 feet In span 
are catapulted through these gusts 
at speeds up to 100 mph. The gusts 
«sn be *‘shaped", ss they sra in the 
stmospbere, by controlled vsiisUon 
Sf the velocity grudlent. 





, .. Aircraft Loads Calibration ■ : 

.fi.v.v.' laboratory - r- v![ 

1 

The Aircraft Loads Calibration - 
-Aectlon Isequlpped to a^dy loads'to .. 
complete airplanes. Including the.^ 
targest bombers, todetcfmbiediaT-'^ ' 
aeterlsties of actual aircraft striie- . 
lures under applied loads. This 
^ work Is closely connected with flight 
loads research. 'SUrcralt tfUrtrai'^^^- 
mentedlor fUght loads research arc 
aubjected to measered loads la the 
laboratory. These are then edrre-" 
-Jlated with file swadtngs given hy tte - 
instrameiitB. In this way the loads 
.-SMssarsd In tUgtat can be tmown ax-. . •. 
acUy. information brot^ht back .. 
Irom flight tests is interpreted dn;,^'. 
4he toads labomtocy In relatlan do ^r.v- 
4be known cbarmctoiiatien. 


■•'~’';,i;v-r;*"^bnpaeit Baaiii ‘ ‘ 

/;,^‘^<^Wster' tandlng frapaS^'l^s 
be reproduced with accuracy.andj.. ' 
■control In the Impact Basin. It ts 
’ aquippsd with a wavemaker that can . ■ . 
produce waves of any ^xe up to aver ‘ 

1 feet In height and 90 ieet from 
crest to crest. Landing ■of a modal 
or float from tbe cBtgpuH -ian 
timad ao that the landing arlU take 
place at any point ta relation to Die > 
wave. The haain la 190 feet tong, 94 . 
*feel urlde, and moidelh nr itats spp 
^-'to 1,400 pounds can w tandsd At 
-'•speeds up to TO n^ with contrdDsA 
' -vertical speeds a^ ahnulated 
Tift. It la used for accurate jasKa-'r.~r 
nrement cf landing forcesand pres- 
sureB.on Host and hull bottoms, aad " 
?i|-i»piiel Basta at LsiAley la duignsd to Wmulats oondlticos of rough waur be* greatly aided In hi^ atreasa- 
^■iUne* tor iBvssilgatlon of stresses and prsssupes on seaplane floats sod huUs. aalyals. . ' ■ .' 
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c6kstru6'ion and 


MATERIALS 




Tbe tdtlmate min of mircrmft 


The lmre:e8t mmchlite tes m cmpmcity 
of more thmn 900 tons. There mre 
mlso wide ▼mrleties of Bpeciml JlgG. 
mod Instruments develop^ by men 
of the NACA to mdapt standard ma> 
chines to special research needs. 

One specialised NACA mppara- 


tween properties cJ msteiials mad 
behavior it strsctures, mo that the 
■behavior of m strocture nuy mlti> 
mately be predieted from m<fenenl 
theory of structures and a btOTlet^e 
of the material properties. . 

Research on struettires mmterl* 


..structural research Is twofold; to ^ms Is a eombtned load testing ma- mis is m specialised adjunct of mero 


"decrease the weight and to Increase 
reliability of the structure. 'De- 
crease in weight must be carried 
>miuch farther than in other branches 
- wf engineering, beesuse the cost of 
- ' mlr transportation is crlUcmlly de- 
' pendent on a high ratio of payload 
■ to dead weight of structure.. Relia- 
si.^ri4 -bUlty is impertllve beesuse even 
minor structural failures may be 
fatal to the airplane and all Its pms- 
tsengers. 

' ' ' The first step in strength miwl • 
Tsis of any structure is cmlculatton 
of the Internal stresses caused by 
; mppHed loads. Eidsting methods for 
. i calculating the stress distribution 
' only to simple types of struc- 

•" ■ -tares. T1>e shell type of strocture 
. r - |ued for alrcraXt consists of main- 
Mv . trlctle assembly of skin, longltudl- 
ri£lk 4 ^^jmal stringers mnd traasverse ribs. 

' ‘The external shape of the structure 
’ Is dictated by aerodynamic eonsid- 
otations and does not follow simple 
mathematical laws. Althou^ con- 
siderable progress has been made 
t ’ r .. In the last five years In'developlng 
methods lor finding the stress dis- . 
Aribution In shells, much additional 
work remains to be thme to achieve 
^ the degree of accuracy aecesssry 
; V'lor ^rcraft work. _ - 

F- .. t ' . j'. ,F. - V< Ti,' 

- * 'fxpeiimenUl and tbeortttcal 
mrarUon structures ts carried on st 
" Dw 'lmitley laboratory. Testing 
.k-lV ‘Equipment Includes four machines 
' -v'-. capafoe of exerting the great strsteh - 
■ Ing or eompresslve forces required 
^-Tor stmetural testing at Urge aeale. 


chine capable of applying a twisting 
force with either tension or com- 
presaloo. 

-In -wrder to coaduet -msperi- 
vnentsl resesr^ on structures In no 
•flicleni and actenUlic manner, a 
considerable amount of supporting 
-work is la fwogress on the proper* 
ties of msterliUs actually ased In 
these ittvestlgatiwis. Tbe Immedi- 
ate purpose oi this work Is to fur- ' Held, particularly la relation 
.wish detailed data for the proper . blfh temperature. -The 
evaluation of experimental data on 
assembled structures; the general 
- purpose Is to Improve understand- 
ing fft the fundamental relatldns be- 


mautlcal research ^ one tor Which. 

’ many organlcations . In the country 
are already well equipped. 'For this 
. reason most of this work lb accom- 
-’• ^Ished through research eoatracts 
"with properly -.^baallfled g yo np s. 
Vuch antver^y research falls la 
this class. , . - • ; 

v;v- - 

"The most argent problems to , ' 
aaaterlals are met la the propulsloo 

U >.'■ 

eh 

conducted by the NACA on this sub- ' ' 
^ct is treated under iPropulslon, 'J-: 
Msteiials and Btressesl ^hlchwOl 
%e found on yaga to 




- -f;’ 



*r^ . Vv** 


Tbe Structures fiesearob Laboratory at Langley Is equipped for study and analysU 
'of structural stresses to provide more oomplete deslm knoeleOg* lor airertfl. 




PROPULSION 






-intentlve r«M«kreh aettrltr to 
the ^Bt few years has rcsolted in a 
more rapid a4lTaBcement of propul • 
Sion systems that mt any previous 
period In aeronautical Ustory. A 
translUon from Investigations lor 
peak develt^mentof the reclproeat* 
Ing engine to fundamental research 
work 00 new hl^-ipeed propulsion 
aiethods has been In progress. The 
period has been marked by the tfe- 
felc^ment of reciprocating engines 
«f high power and efficiency and by 
the birth and development of ^s 
turbines, ram-^ets, and rocket en* 
lines. Many of these act^evements 
can be traced directly to the axpan- 
tloo of research effort la this eoon- 
try la the field of propulsion. 

The n ACA operates a complete 
propttlalon research laboratory In 
Cleveland, Dhlo. With exception of 
(ndamental .tavestlgatloo of oom« 
bastion and detonation, propulsion 
reseaiwh Is aow entirely devoted to 
nevly^Bof Jtt>i»'q>ul8lon syMems, 
tacluddig rockets and turbine ays- 
Uas. Facfltlles are provided to re- 
produce every kind of operating con- 
fUloa of temperature and altitude. : 


‘A mhjortty of the propulstoa 
research at Cleveland Is conducted 
In the huge Engine Research Build- 
ing, which contains nearly a hun- 
dred different research laboratories 
devoted to the etudy of all elements 
of aircraft power plants. To men- 
tion a few, there are numerous en- .^uels nnd Idbrlcants Building, Jil-i ' 


1 tooling water, and provide reduced 
air pressures and temperatures 
which makes It possible to ron tests _ 
on mglnes and components osider . 
..E m ula t ed altitude eondlUoes.,^;^^; 

>d>ther facilities Include dlie 


Mtiide and Icing Tunnel groi 9 , fek 
.^Propulsion Static Test 'Mands -toid 
High Pressure Combustion 
oratory for rocket study. ^ 


Tine, compressor and gas turtatoe 
.dynamometer laboratories, )et pro- 
polBloe burner labormtorles nnd nl- 
tltude chambers for Investigating 
engine accessories at low tempera - 
‘tures or air pressures. There are 
faboratories for research on gear '' 
nnd piston mechanisms, fuel and 
Ignition nystema, engine controls, 
nnd bearings of Ml kinds. Btlli other ^ 
laboratories are devoted to funda-:^: 
mental and objective research en 
problems of heat transfer, metal-„^ 
lurgy, . lubrication, .nosibustlon, 'S 
waste beat racovery, elbratlon and . .> 

^ ntress of engine parts and Ice for* .tw 
matlon In engine -induction systema. J- 

The nerve ceiiler of this vast - 
cperatlon la a main control room in ] 
the mexunlne basement of the bund- 
le. Trom this small room, one t research ro^et Wit tested at tbii 
man can dispatch power, cooUng nlr . flight Prdfpulslao Raaeareh iAboratory 



:^l 









COMBUSTION 




Ttie eonibustlwi rCBOireh pro* 

' ..> frmm Kt the Cleveland Labormtorjr 
' is directed aiainly toward funda- 
•thentaJ combustion problems of }el- 
' propulsion engines. The research 
. •program Is baaed on two broad over- 
sell <A]ectlves; One, to obtain gen- 
eralized nsultB tad conclusions 
about combustion that will be appli- 
cable to design, operation, and re- 
4,;)'^t^M,.i|ate(l problems corrently eaooan- 
tered in aircraft engines. '..Work of 
this sort might be considered short 
renge , although It will continue with 
oonstanl modification as ft keeps 
pace with the continually developing 
, at aircraft engines; two, to 

secure rtep-by-step Information on 
' * ; the evehloal ^yslcal-chemlcal ea- 
lilanatlon of combustion, irreapec- 
tlve of any Immediate practical ap- 
plication of the information to en- 
,~plne design. This reeeareh la long 
cangp The Intent Is to find the new 
iMi^^KidaiowIedge and the aew theories that 
, ' permli application to aew develop- 
^ 'aienla. It is recognised 'that these 
■ two objectives are not mutually es- 
i- eJustve; a project aimed at one will 
1 . generally contribute aomethlng to 
' ’ ' "■■'the other. , 

,W„ ■- ' ■ ■ ' ■■ ■ • - 

Htuch of the eombustlon re- 
^ ' ' search pertinent to specific appll- 

' cations Is conducted with specific 
' 1 ' twraer enlts. This work ts of fun- 
daments) eslue beesuse there are 
' ;^oMeinS'peKtnent to the alrcrsft . 
' •nglne that can only be solved in the . 
‘ actual combustion chamber. Also,. 
4 .. the woiK with these chambers pro- 

| -'^■ '• vtde• il valuable background of In- 
1 . formation from which to proceed 
Ti'sr; .-4^th more basic studies. 

lit* <■ ■-* 


TaeUitles lor combustion re- 
search are located In the Xngine 
Jlesearch Building et the Cleveland 
Laboratory. This building Is e- 
gulpped with a wide variety of test 
cells. An extensive air supply sys- 
tem provides large volumes of air 
over a range of pressures and tem- 
peratures. These oondltions of al- 
titude can be separately controlled 
'and varied, permitting Isolation M 
different factors that influence com- 
bustion. tnveBtlgatlons made pos- 
sible by these fsdiliUes have pro- 
vided the first definition cd the Um- 
Itations Imposed by altitude on com- 
busUon. From this It Is sow pos- 
sible to explain the behavior of tur - 


ko-jet engines at altitude und lo im- 
jjgron their caputaUlOua. ^ 

Another Important tool of cbm- 
bustlon reaearch Is the NAQA Ugh- 
speed camera, ms tnstrument w 
^cord combustion processes at the 
..-fate of 400,000 frames per second. 

It has been used In study of detona- * 
tion, and ts betng applied to study of 
'Contlnuoos cyde eemboatleBi 

-A new Ugh-pressure combiis- 
..tloo Uboratory devoted to boekel 
; -combustion proems Is well apttb- 
llshed, and Is beloge^ianded to help 
encompass the presdng aewprsb- 
lems of rocket propulsion. : ^ 4 ^ 



Atudy of eotnbustioD la turbo-jet englnt oombustibe chambers provldas fautedsta 
on combustion charaetertsUes cf foals and bamtr unlta under varied coodltiooi. 
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Tti« 4i>eri»o<lynainlc ««aearcb 
^onducled by Uie NACA tn reUtlon 
4o propulsion systems may be clas* 
blfied under three headings; 

Properties of Gases, concerned 
ivitli basic study of thermodynamic 
^operties dS tte irorklng fluids In 
jklr craft engines. 

Heat Transfer, eoncemed with 
411 .cooling and healing problems, 

Z.'. '■ Cycle Analyses, concerned with 
-wvalualion of performance and ca> 
^Abilities of engine types and con - 
^fonenU. 

'.f ■ 


THERMODYNAMICS 




^operttes of Gases . ’ , 

The design of efficient aircraft 
engines that involve the use of a gas 
turbine as the principal source of 
power or as an auxiliary, and anal> 
ysls of the performance of such en- 
gines, depend on s knowledge of the 
thermodynamic properties of the 
working fluids. Much of the work 
eoncerns calculation of the thermo- 
dynamic quantities Involved In the 
steady flow processes of jet engines. 


fine eobUng. ^slc ii^rtbation has 
been established on the heat trans- 
fer rates of various fluids. Impor- 
tant new branches of cooling re- 
search are turbine cooling mhd rock- 
wt cooling. The immediate gains 
•possible through increasing operat- 
ing temperatures In 'these, englhes 
'are so large that this phase of cool- 
ing research, eombined with ce- 
aearch on matertala. Is ol great tm- 
,;.|tortance._^_^^..,_.._..^ tJ' ...y. - 


. ■ Thermal Ice protection «t all 

^eatTranafer engine and componenta ds- 

■ ' pends on knowledge of heat tranaler 

All problems of exchange of ‘ rates and efficient heat exchangers, 
heal between .gases and materials Design knowledge of eompacl, large 
come imdcr the heading of heat - capacity heat exchangers was a’oec- 
transfer. Some rf the most Impor- wssary prerequisite to the deveiop- 
iant research conducted by the ..'tnent of thermal Ice.prevention ays- 
SACA has been In the field of en- ■■terns now coming Into use. -Contin-, 
^ : . wed thermal ice prevention researdt 

■ ^ being carrletfbn la rotation tejal 

■ engine iaducUoit letag.'^' r -- .-.r, 



Therrondyitimic research involves accural** massurementsof heat processes Is «r 
gUtes and oemponants. Here an engineer adjusts combusUon chamber t^rmoeouplM. 


,rs£* 'f.jaFxoittaMe ^eapenqiisit.^,^re^ 
search -eflorl on new engine types 
f '\ 'and engine components must be 
y, i planned In relation to probable Im- 

' fliediateandlong-range gains. Anal- 

^ ' pses of various engine cycles aid tn 
I ^lining necessary .Gelds , of re- 

- search. Cycle analyses.'Also' map 

Adi the probable range ol application of 

^ wO' ’'engine types on the InMs t>f pur-. 

formance, weight, idae, -and i^rat- 
line dtaracterlsiicB. 'Careful eyelet 
' ptloD Of all -engine. 

weeded to. l^r mine. ^he -ednypro- 
>||HH " mlses necessary'ln wni^lM llbdipo- 
Sjj? bents .In relation To :«e'lg!ti^f''edse, 
•2^/ ■ speed, and efflclenty.'^^romlse of 
. ■ Advances In performance and -Jucl 

■ wconomy lie in new eombtnaUons ol 
'*eat regeneration -and rebetl tw 
DoeouDlM. - tween tHrbiiie ttagta./...'>,- . - A. 




COMPRESSORS 


^BecMsc Vie Inereteed Ini- 
porUnceof compressor •turbine en- 
glne!= In the field of slrcralt propul- 
sion systems, sn urgent need exists 
lor Jundamentsl research on all 
ph ;ises of compressor development. 
While naintalnlng Us ebnventlonal 
role vKh regard to reciprocating 
engines, the compressor stands not 
as an accessory twt as a major In- 
tegral part of either the turbo-jet or 
turbo -propeller engine. In such In- 
stallations the eompressor serves 
the vital function of taking In a very 
large guanlity of air, eompressing 
It Mflelently, and delivering It at 
high pressure to the eombustioa 
chamber and so to the turbine. A 
com pressor -turbine has therefore 
greatly Increased the demands aiade 
upon the compressor. Increases 
must be effected In capacity, prea- 
sure ratio, efficiency and relliUiillty, 
The developments cd the past sev- 
eral yeara alone have led from the 
reciprocating engine eompressor, 
which was of the order of 500 horse- 
power, to present compressoTS lor 
turbo-jet or turbo -propeller engines 
wttieh absorb sp to 10,000 tiorse-' 
power. Very recent developments 
have resulted In compressors of 
eearly IS, 000 horsepower ^ with fu-. 
tore expectsllons far surpassing 
this value. Each of tbe^hree types 
of commonly-used compressors 
{axial flow, mixed flow, and eentrH- 
Sgal flow) have certain Inherent ad- 
vantages that may be exploited In 
Specific Inslallallona. .The NACA Is 
conducting research along all three 
lines,' ms welt as on some cadlcaUy 



-iOflect of mm -steady Clow, viscosity, 
and compressibility. Because of . 

these inherent difficulties, present ' ' -. ' . > ? 

theory Is Inadequate, and it becomes , - 

necessary to look for new data and 

. oew theories that will be capable of . . J'acillUes -lor emnpressor re- ^ 
•ppll catio n to oompresaor -Vetign. ^^msdu-ehare located is tte Engine Re- - : 

' ‘ V.-- waareh SuUdlng aU Abe •Clevslajid 

- tntenslve reaearch « all the ‘Laboratory. The eshtral air supply 
Interrelated phases of oompressor and refrigeration systems that serve 
'Vesign and performance promises the combustion and altitude research ^ 
notable improvements in the per- * facllltlesarealspavailablefdfcom- 
formanee of future propulsion units .pressor research. 'Test oclla Are 
and the airplanes In wrfalcb they will provided with dynamometers up to 
fet ssed. ^ ^ 10,000 horsepower in cppaciti ior^ 

research compressork.^-^ 

Compressor researeh Is also let air temperatures and pressures 
Conducted In the Engine fleseareh can be controUed tad varied to V«- 
Bulldlng, where study Is aided by plicate the desired condlthms of op-, 
exceptionally well -equipped test - wratlon. -^leclally %ellt research' 
cells, and the large air supply that compressors have been devised to 
also serves combustion cesearch ;pvrmit Isolation and study of design 
.anils. ^ ‘ ^ , .;,.v^ariableB, such astdade A«les. - ^ . ./ , 


Conducted In the Engine Researeh 
Building, where study Is aided by 
exceptionally well -equipped test 
cells, and the large air supply that 
also atrvea combuation cesearch 


v'^.'lTbe 'f undsmenttl pi^lems et 
ccMwresaor design are primarily - 
aerMynamlc in character and are 
pulte complicated because of the In- < 
solved nature of the flow paths, the 

‘..iV* 7 ■■■ 







Compressor researeh tocUltlss atClsveland laclode dynaawaetorv up to tpjsob lv 
Is capacity, A cattrlfugal oompressor is gluwn here sal «p for InvesUgatloa. 
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TURBINES 




' ' • J.X- V - ■• • f -AA- '• ^,‘ ; 


In Its position as oiie of the ma< 
)or alements of the eompresBor* 
turbine snsliie, the fas turbine rep- 
,** resents an unusually freat research 
' challenge and involves problems the 
Solution of which are vitally Impor- 
tant to further development. 


Thedemands made iqaai the gas 
''" "' turbine arc freatest in Its role as a 
' compmient of the turbo -propeller 
. .uiT'^'^onglne, In the turbo-jet aiifine, the 
turbine need extract only enough en- 
ergy from the gas todrlve the com- 
pressor. The turUne Installed In 
. the turbo-propeller engine, however, 
is called on to drive not only the 
' ‘ compressor but the propeller as 
“ ' well. The magnitude of these re- 
Mfiilreroents may be Illustrated by 
Considering the turbine that would 
"."be needed In a 9,000 borsepower 
•'•turbo •pr(q>eller onitne. In addition 
,io tilt i,000 borsepower delivered 
to the propeller, about 15,000 horae- 
•^y, 90 "*T would be iiseded to. drive the 
compressor end account tor losses. 
The turbine would therefore have to 
develop about to, 000 horsepower. 
Such Installatlona represent great 
strides from the 500 horsepower 
' - turbine of the typlc&l tsrbosuper- 
.VT:^".t!liargeroD tberoclproeatlag engine. • 


turtdne, an aerodynamic problem. 
Is necessary to establish Improved 
^aign methods. In addition, it la 
necessary that design principles 
and theory be developed to the point 
where the turbines perform ac- 
cording to the design predictions. 
Theoretical and experimental stud- 
ies are therefore in progress whose 
cbjeetlve Is to obtain basic aerody- 
namic Information on the flow 


have been favorably indicated b} 
cnalysls. :9eat transfer affects. 
,,i(Breet ttade-cooUng methods, yie- 
tsrminationof optimun blade shapes 
. lor internal eo<dtog, use 01 .eooUnf 
..tins, and evaluation of the merits oi 
various eooliag fluids are being In- 
waaUgatsd. . .. 4 


In addition to fhe fundamental 
•problems involved In the perform- 


^ough turMne bladea. Aside from -'^ee of the tarUne MasU, 4hatw are 
the study directed toward the flow many factors which arise , when s 
through a single stage, considerable turbine. Is combined vrlth the other 
effort is being expended on the components of the -comprsasor- 
.equally Important problem of deter- Tdwbliie .m^lite. !Tbe turbliie «•- 
.mining the interaction of auccesaive ' search program includes tnvestiga- 


•tages. 


Foremost among turbine prob- 


^ 'The net output and eifftefeney of 
--c iurMne Is Increased appreciably 
.hy an Increase la tbe gas tempera- 
qws at the tuihint Inlet, when ac- 
.-compaslad ^ p iPorrespondlng 
. chan^ to preasure sctlo. Two 
ntosUioda are available fax toeraaa- 
tog the allowable gas iemperature; 
O^eloproent of mate rials which srlil 
withstand operation at Increased 
temperatures; and providing means 
for cooling the turbine blades, there- 
by maintaining present blade mats-, 
. Tlals within allowable Umlta irhlla 
nsing hotter gases. Ceramic mats- 
■ rials, wliich are known tor thetrj 


tlon of over -all performance of the 
turbine ttself and the performance 
•When combined wttfa ^.sf. tU varl- 
«aa eompooeata. ' , 


roMarehtarfUttea are 
..^Alae located to the Bdglnc Reaearch 
Building, where large rsfrlgentlon 
fzatos c h inas, air panpai Ashauatpas 
coolers and evacuatoramake It pos- 
sible to duplicate any condition like- 
. ly to bs encountered In fUsbt. . 


terns is that of Increasing Its elllc- _ ability to withstand high tempera- 




policy , an Improvement which affords 
,a nearly directly proportional to- 
Vr^ 1*> dnglne offlelancy. The 

, lr;',r.toost promising areas for research 
-:^<l;Bdli^ to future Increases to tor- 
^'winc efficiency are In aerodynamic 
4nd thermodynamic improvements. 
.A mors .detailed knowledge of the 
4M!tiial fkw condttlons through the 



•fares, are among the logical aiate-^.;§-j 
rials for ose at high turbine tarn- 
.-psratures, and their application to 
turbine Uadea Is being investigated. I 

Various methods of cooling art • 
slao ander Intensive study. Expert- . - 
mental test units we bel^ ue^ Turblnto are elnlied to improve hot' 
, investigate the cooling methods toat resistance, strength wod performance. 
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' CvaltatlOR ui8 test of ewnplete 
fropulslve •ystcms Is secessary 
both to [Ind but what a ftveii engine 
will 00 under various cc^ltlons and 
to assess %nd Integrate the basic 
work on the various components that 
has preceded, facilities for l>an> 
dUng all types of engines are avsUl- 
able. The Engine Research Building 
bouses numerous test cells for eom* 
plele engines. The Jet Prt^iulslon 
Static Test Vnlt is equipped to study 
torbO'Jet engines. There are also 
engloe •propeller test bouses lor 
both reciprocating and turbo-iwo- 
peller systems, as well as rocket 
.gdls lor InvesU^tion of rocket eon- 
bosUon and performance. 


An Important facility U the Al- 
titude Wind Tunnel, In which Jet and 
*turbo -propeller mgfne installations 
can be studied In operation ender 
aimttlated altitude conditions. The 
tunnel provides pressure altitudes 
op to SO ,000 feet, temperatures down 
to minus 48 degrees Fahrenheit and 
speeds up to 500 mph. By use of 
. Ctwclal daetliw, fet isilts can be In- 
vestigated at aupersonic speeds, en- 
abling study of large ramjet engine 
dwes. 

Additional altitude chambers 
dre available that are capable of 
reproducing approdmately the same 
bondiUonsof altttude as the Altitude 


Tennel. The sir supply »yatem can 
provide ram4lr preMures equiva- - - 'i* 
'lent to blgh flight apeeds. Tbesie 
daclUtles amplify Bw laboratory's 
capacity for research under aimu- . 

UtM amtude immaitons. . 

dine of the many tmportaidAe- • ■ 
vclopmenls from NACA engine per- 
XiormiMB study is ^thrust augiiles- A*^.!-, 
tation, by any of several ineansrf^ 
These have achieved tbrust da- = 

. creases up to 40 and fO per cent «f -r 
;Uke original engine thrust, -in eodi- . 

' binatlon with Improved duct design, ^ 
thrust augmentslion made possible 
the blgh speed of the F-dOAl «bl0h 
first broke the British speed record. , - 



MATERIALS AND STRESSES 







‘All aircraft anglne designs 
' vCodld be greatly improved if the de- 
' atgner had a wider range of mate- 
rials from which to choose, a more 
definite knowledge of the properties 
of materials, and bow these mate- 
rials will behave wider any given 
•et of conditions. For example, an 
Increase in the operating tempera - 
^ tures of aircraft engines would in- 
crease the over -all power output 
from the unit and thus require less 
fuel for a given performance apeci- 
' fication; the advent of new high- 
temperature materials would place 
.this .goal within the deeigner's 
grasp. Again, if operating atresaes 
.In various engine components were 
. accurately known, It might be pos- 


aible to reduce appreciably the mass' ^coatings on tortaine eomtxments. 
'«f these parts end effect a saving In . The laboratory la conducting a pro- 


-ftower absorbed In driving the en- <ram aimed to extract basic eaperl- 
^e; this would also be reflected in mental data such as tbe effects of 
greater fuel economics, as well as elevated temperature on pure ma- 
in Increased performanee. terlals, and equilibrium data on ai- 

" '• ioy a^ems suitable iof Aigh-' 
In order to Improve cerrent Aemperatnre eae. Other deaearch 
engines, an extensive program of is onder way for study at eonsCrva- 
evaluatlon of present high tempera - ..41on of critical ploying eleoMnda. lp . 
iure materials la being conducted. "^^iiigh-tempenUiBre miderlals, ' 


Fundamental research Is under way 
on the basic reasons for the rela- 


. Tbe general aim of the program 


five performance of heat-resisting on engine stresses 4s to ^btslii a 


msterlals fn general, the nechaa- 
tsm of failure, the r^es played by 


snore com|dete bnowledge ii-4pbr*' 
ulBSlble operating atresses ond 


precipitated particles and mecfaan- -actual operating stresses ef present 


leal and thermal treatments of me- 
-terlala, and tbe affect at preteetive 


mM 



;^^^,rllst«riau wUeh go into turUiwe, compressors and other erttieel perts et new w 
rri'T’t-Alaef art studied tor developmant of superior realstuiee to strseses and' heist. 


^slgns of aircraft, engine eompo- 
.-meats. Studies have been midertaken 
an centrifugal sad thersial streasea : 
is turbine discs, and t^mal and 
"aentrlfogal vfbralory Aresaes In" 
'Tterbine and compressor blades .sftth 
..rthe almof improvlngdeslgnaf parts 
'^ar substHuting materULlsdfaqatva'-'*^ 
lent thermal strength add superior 
mechanical properties. The main 
problem In. this field is to av^ve 
asethods of OMasuring and back- 
ing operating or residual stresaes 
In engine parts to oodflrm ^weaia- 
ttooB. .^roJectM research ^11 in- 
wove engine balance and ^IHeal 
speeds, ducting, bearing, gear and 
salve vibration aurvejra, aad.tnvea* 
■tlgatlon of the mechanism tff ttUure 
st materlala.. ^ v 

' ~ Taetlltiea iaiw'provUed^l ^ 
Engine Research Building for laves - 
tlgatlon of vibration, aflecta of high 
temperatures, and atutfy of materiat 
. -atructuie through ase of electron 
... *»*cro8«ws. 







Previous research in the field . eurfaces ei^ected to rolling and l>y reaction forces are Urge and 

«>l lubrication and friction has re^ alidlng. Ilte complex behavior cd are further complicated by inertia 

suited in much sseful information, ^astic materials under the repeated :fbads caused by rapttf 'Bceeterations 
flnwever, much of this data Is of an surface stresses set sp by roiling And by cyrosooplc forces. . v 
amplricai nature, and truly funds* snd sliding friction is, at present, 

mental information is required to far from being understood; conse* Other typical fin^lems are 

help in extending the present data duently, a study of the fundamentals *'run-ln" of surfaces and Ue char- 

Into the range of higher speeds and Involved Is needed in order to shed ActerisUes ef various ^dbrleants'. 

faster loads. The problem of high- Ught on possible basic mothods for . _ - . . 

apeed bearings is an example <A a allevUtion of failures. ' ’ ' Heseareh on basic Irletian and 

■field in which more research data ..^.;srear.problemB is carried or U the 

of a fundamental nature are needed ' * '^^oblems mel'ln''fconnectlon “tnglne Research ’Bdndlng.^tJeneral 
to ejdend present low-speed data erlth compressor and turbdne bear- And speeUI devices are avolv^ as 
I Into the ap^ rautge of 10,000 to ings Ulustrate how new engine types tbeneedarlacstomeetanyfmrtic- 

90.000 r pm. The problem of eliding can complicate an old problem. The sdar question. Backed by bgtensivr 

and rbiUng friction also iUuetrales .ttompressor-turbine unit is heavy, wervice and the finest wiatbinc 

this point; there Is a definite lack of tmposing high loads over Urge bear- whop facltllles, Mentiets «f 4he 

fnformatlon on the exact aature or tog areas at Ugh rotative speeds. U^boratory are doa^, 4o aUyeiBny 

mechanism of failures occurring in The bearing thrust loads imposed 'tproblero tocUent fp;^ research. 
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OPER AT I NG PROBLEMS 




■ ■ Important problama d alrcralt •! 

. ’ '.Wrallon durtnf racmt fear* ha« 

; ■ -^n icing, «u5t loads produced by 

• ' atmospheric torbuleace and Jandlog 
.. . .loads. The latter Includes both nor- 
■- '*ial landing loads and omergency 
water Undlngs oI landplanes, pop«- 
.jsr If known aa ditching. 

'T-.-.,. . itlieN AC A thermal Ice -preven- 

“ ' ' ’^tlon system provides a mws lor 
’ " virtual eUmlnatien ct Icing haa«ds .. 
1o aircraft powered by reciprocating 
"’^^‘■Vaiiglites and propeUera. 

.. ... .over a period of 

in more than two years 
■ ; - Tcsearcb through icing 

baa proved the system and provided 
. enough tnlormallon to protect any 

" ■^’■^aneer of Icing . Becognltlw d tWa 
r bcMereineirt was highlight^ by a- 
ward d the Collier Trophy lor IM6 
Mr. Plodert. BACA 

^aded the research program. Idost 
new slrpUnes d the transport type 
^^vteeorporaUibermal ice^fftvenUoa 

■S^,% -^stemsi-.*-.^ .■ — ■• /; 

''Icing problema d Jet engines, 
remain to be thoroughly 
‘ wolved, AsUl flow onlU are P»rtl^ 
Warly ealnermble, and »«“»_« 
.^■^’;^f(^eetloo,ior these 


•is a sidtjeclot continued researdi at loads. , , 

the Cleveland Laboratory.. * • : . ; : ’ 


In addition to flight resear^ 
lacUlttes, (he WACA has ^ 

end built an icing research w^ 
tunnel capable d furnishing I, SOO 
tons d almulated rain per >4 hours, 
refrigerated to provide almost any - 
grecsing condition at airspeeds ^ 
to'dSSmph. This tunnel is esed to 
study I ftn g un alrcralt components 
such as air ducts and Inlets. jedip - 
entennae and pltd .tdbes. Oowm- 
. alream from the test section a com- ; 
^ete airplane, wlthod Oder w ng 
nnels, can be mounted and stuped 
i^r Idhg conditions with engine 
and propeller operating. 

•WACA research on turbulwe 
and gusts has resulted to a torge 
amount of daU on gust 
and occurrence. The MACA begim ■ 
■ ♦csearch to «>understwms to Jbe 

oarly WSO's. Records o( gust loa« 
from air routes all peer <!»« 
have been taade by ^ 

MACA V«dS recorder, which re»rds 
maximum accelerations as * 

Um of the airspeed. The problm 
«{ gust loads increases to Import- 
.JnctTwith Increase In alrpl^ 

1 apeeds, and much .Itnowledge 


©itching tovestlgatkos, darted j 
ttimiUUry and transport to^ptows 1 

^ing the vrar, continue co^mtl* j 
Rary iypes and transports tawow i 
to e^bUsh operating f ' 

.develop -dety ”iS2£. 

^ at*h "a and t8 ottke racommoids- 
tm IheRtrectare isbara . 
■ waaary'.'' 


..Reaearch oo csbto beini| 
^aodllng and reoUlation becomes rf 

added importance as airptone ^eW 
Increase. Even high sd>s(^c^sds 

. ^ing the need for ®®®*vtt 
looking ahead to supersonic 
; mSiT^^lems of cooling ^ heat 
jadlatLon come into gtolt 
-In relation to piled and paMCiyrs 
hut to protect the airplane dlrwiture 
,.#aslf. -’tbe tomperaturs dfat 
45ompanylng aupersonlc speeds^ 

: wsU be the first Rmltlni 
lilgta -speed night. .The auesUoM 
V balance of IrlcUop heill^ sndbeat 
‘ •radUtioo SBUdlbe itoswer^ ^o« 
'’■'•oooUng reqidrsmenU can be deter- 

.problems posed by high-ape^ Hlghl 
that calls lor new approaches and 
- '^t^roos, Inyantiva thought* ^ c. 


.■ t . .^k i'*-: -i. 



PHYSICAL RESEARCH 








miuchof the Btudyot fantement' 
Al .physical phenomena tarolres 
purely theoretical analysis.- iWo- 
fctlcal .study Is often sufficient to 
provide ad^uate design eiiterla, 
but in many cases It serves rather 
as a guide for experimental Investi- 
fStloM. ' 

' "^cause ol the abstract nature 
of some basic physical problems, 
ind the tsiiportanceol seewrlag geS* 
•rally applicable knowledge about 
them, tbe MACA has establiahed a 
.Physical Research Bectlon St the 
Langley iMbonkotj to conduct a 
large - amount oI the fundamental 
theoretical work Involved In other 
branches ol research, Tj^cal 
problems attacksd la this sectlan 
are . high-speed nutter, propeller 
flow theory, compressible flow 
theory, botmdarf layer oieehsnles, 
•DdhsUeoptsr elbraUon.. 


'Tank 100 feet .long, « loot dUmeter 

* Provides information on lift, drag, and stability off bodies propelled 
from compressed gas pun at wSlocltles between 900 end 1,000 
miles per bour ’ ' 

Test Medium: Air, Treon, er eUxtnres 


-Vilest fsotlae > 
. Speed - - 

Power « 
■ Pressure « - 
.. , Test MediiiiB 


' ' '-y’^ Tlutter Tunnel 

- . - - - - - . > » - - idoteOJoT^ 

- - •’tjooohp-"^" 

-• • «'* ’« -.y ^ to' l‘.1f etmosiitisfts 

m • to'*.* jiUr, Troon, ealatuf^r^^~" 








FLIGHT AND Sj- 
PILOTLESS AIRCR^ 






Tllotlew tlrcrftft reae&rch bj' or correction for wlnd-torniel <bU. '^sts were n»de In t clean, vrope)*’ 
tnranB of rockets has frown bito a ' Conversely, wlnd^uonel research ler 'less, power comUtton di^l- 
^otal, important branch of fUftit ->rovidesa valuable ftdde Inplannli^ --cattaf as wearly as fwsslhle 
A research. Through the use of many and interpreting tU^t tests. , ; oooditions simulated In the ,UtDnel. ' 

-^Inds at rockets, vital information '"’“The model had purposely bedn inadc 

lias been obtained alt through the ''Thuing Uie war, a large amount to include the alight irhegulartUes 
apeed rai^ up to Madi aumbers of al data had been obtained from the that are locsid in any aervlce air> 

T or more. In tobastc wing iM-Foot Tunnel at Ames on ppectUc -gilane. The resoUa fiwn these tests* 

' and body studies, Investigations are airplanes. At tiiat time, the atodels arcre in cacelleid agreement and 
*' '' carried out an automatic atabJllty ' were tested under power «<rff oondl- catabUshed the 'reliability bf the 
and eontrcd of guided missiles and tions wlthoid the fleets of a pro* ; tunnel Inlonnatlon. This is one of 
high*ap^ autter, Ttynamfeally . --iiKUer and applieatioa «( Ihe dstate j-kMoj anuaual 
J ncaled models of actual aircraft are full scale, powered airplanes area . JaTUgfat reaearch.. ^ 

-also studied in free flight for char- imder question. To fumlab a «rect ^ 

' .aderlstics st high speeds in sntlcl- ' aompsrlaon between tests on a de*' ; With the day of tranimpe night 
M i'.pstlo" trf piloted flight. This brMich tailed scale model «f the P-51 and '•^Al’^and, fUght fosewcli ^comes 
• . research is one of our a»st val- —the actual airplane, the propeller aven more Important, AUhough wind 
S oabie assets In reaching out ahead was removed from a P-51 and the . 'tunnel qieeds reach doter auid 
. ^ i' oisn's present abUltles, to find airplane was then lowed aloft be- ’'^ieloaer «n cither aide Of Uie apeed-of 
out what problems we Shall run Into hind a F-eS. At mdticlent altitude ‘ oound.coaipletelnveatigUloasat the 
" ; .mad iMw to solve them. P-51 lbleased,,^ ..*vs^.^«^.f<_a^^^^^^ 

-^V; --'■The «ACA PUoUees Atreraft ' 

^.^..pesaarch SUtlon, ioeated on the 
aeacoast of Vlrgbila, la aqulpped 
%;(^'wlth a variety pf rocket launchliig,.^ 

C- ‘ handling, and controlling equipment. 

'pocket vehicles ahd models are 
built In the shops at Langley^ Field, 
r , I ' arid transporUllon by air and boat 
^ links the rocket au^lon :wUh the 
laboratory. . -V’ v^ 

~ ‘Actual fllgM research Is la^ 
dttspensable on general aerodyttam- 
ics, stability and control and per- 
-^vi;::;|c 7 ri»anee wider conditions of speed, 

W»^powar. Altitude, and accelerations 
. Zjw( capable of almultaneoua dqpU- 
.f^.^;K.->ipsUoo in eslstlag wind innnela,. 

research provides 'the final 
.'!yi,j^..;<i»vck on any theoretical or wind 

.'^^^'''qiHinel findings, and extends the one- . . 

:fttlneasof wlnd4unnel research by The 0556 'S U one of seveial research airplaaes bdlt forPw MCA Under eon- 
' genrtng as a measure of verification knel to the Atmed Sarvleee, tur tcaBsoofte flight reeearoh with lUeUd atreiatt. 


Tests were made in a clean, propel • 
ler-lesB, power-off comUtton di^l- 
.-catfng as wearly as gwcslhle the 
^ ooodltions simulated In the ^tunnel. ' 
"The model had purposely bedn made 
to Include the alight Irregularities 
that are locnd fa any aervlce Air- 
- 4 ilane. The resoUafrtMn these teats* 

. arcre hi excelled agreement and 
. CaUbUshed the -reliability bf the 
tunnel Inlonnatlon. This Is one of 
iistamay -anuaual ArbtMd.-^ fak t a i tih aA^ 
, Jn TUg^d research. ^ ^ 

- 'With the iay dl traniioqlc flight 
'■At 'band, fUght fasearcli ^emnes 
wren more Important, Allhough wind 
Tunnel qieeds reach doter auid 
’'^Tdoaer on cither aide dl Uie apeed-of 
‘■aound, complete lav tati gt rt o aa at the 
..;ja|ieedof ao^.areatilladtlcaettae: 




r> 

>uch vi'^1 prdblems of scale, eoK*/ 
irolB, ••'<1 acceleration loads cannot . 
;'et besirnultaneously studied on the 
ground. The answer to this sltua- 
■ion was foreseen by the NACA In 
in March of that year the 
saCA ivoposed the plan that has 
resulted In practical transonic re- 
!^earch airplanes like the X5-1 and 
the two phases of the D55B, all built 
!or and flown In NACA flight re- 
search. 

Tllf^t ressareli projects In- 
clude propeller surreys, helicopter 
Iltghl, handling qualities, and a irtde 
variety of airfoil and control re- 
search work at full scale. 

Special netbods In the tilgh- 
speed field are NACA wing-flow 
tests and free-fall body tests. By 
the NACA wing -flow technique mod- 
els are inouRted la the region of 
high-speed airflow on a high-speed 
airplane wing, with recording tn- 
strunenls underneath. Aerodynam- 
ic measuremenle -can then be made 
Irom low speeds continuously 
through the speed of bound up to s 
Mach Bumber of 1.3 or more. .Use 
of Iree4all Sodies, Sropped irom 
high sllltudes, with dsU recorded 
by radar and talemeter, prorldes 
another aource of continuous tran- 
sonic tnlormatlon, in undisturbed 
air, up to llach numbers of about 
1,5. These bodies are used to ob- 
tain baslcdrag information on vari- 
ous wings and airfoils, flutter tai- 
vestl^tionsaad body shape studies. 


O 




... -A ' 



'.■4ft. 


... *. ( • 

. of a Tlamat, sn NACA iwaeatch reckst designed to fly apredeteimiaed 

eourse. 'Such rockets provide valuaUe data oe automatic' etabUlty and «>Btr(fl. 


' '*To carry out this broad pro- 
gram of flight research, the NACA 
maintains a flight aectim at each of 
.its laboratorlea, fllACA research 
pilots have to be engineers ss well 
as highly skilled In flying, tor the 
work involved has to thoroughly 


^-may start wi»e»ebiiirbsiloiiittS^^ 
leraft. but they eoon tidbe on A *ew, 
look erf thirtr Models 

Appear on wings; long booms with 
' sqjecial stlrsp^ Ind jaw lumds ^ 
^ow out ef wings and aooes. '-^be 

wora — w — C-46u8ed In thermal tce-prevehUoo 

ondertflood andcarrisd not with pre- ^Kjeasarcb Dad a 
«l8ion. Ibe planning and prepara- Jibll mounted on top cf the luseiage, . 

Uon for nights ts so careful that al- , while the B-M seed da fht aaate T ' . 
fbovgh Beany of the projeeta lirvolve Broject lad a rMNdll aoee ^ rfytsg 
anusuai flirtt proe^ures, virtually .A variety of wtodshlelds to MbOy 
wvery flight brings back the sought- Idng cbaracterlMics.^^^^ ; j.Tw'll' 

‘ The airplanes wed, ^fltmrslly '• JIACA Oighle imve taken v. 

Imned to the Air Forces or Navy, -i^weaearefa pilots Mo Nrange worlds. 

In the first studies Bf thunderbtonn , 

- the Mriiuiieiwaaitoiib-.;-^;:. 

, . "r ■ i I," ’ i v- r' • wrslelv flown through thunderneads, 

and on one 

^ronds.' Cvsr sinoe the beginning of 
NACA flight research, NACA pilots 
Nave made a praeUce of oaplorlng 

unknown regions flf fUght "to tolng 

.back aew Infortnatloa lor iMtroasr 
Jng the performance, a*ifByf,^N«i 
• wumy M Sdroalt. 

' Hi^ight df %A6lriillijlil ’ 

■'%sar(b la the 'transonic flight 
search program, wstng spBdUUyBs^:^- 
' Signed alrersfl tnllt tttrotKN dbn^ 
■^rt with tbe Jtrmba'lerbleMltoak^-. 
Hto NACA. TMng fto 
-fUght -icM 

take, CblltomU, VACfk fflltAs ai>^ 
-■oaplorlng a oew- flight' *ange tbit “ . 

HACA airplanes and ptlol* uafry out projects to all phases cf aeronavti- 1 ^ewpresenta lyi' f stqns 

"M -- — B«w, oonbustiea Is an saperimmul lam'jsl Is studied Is flight, .-fttytat above tbe bPbbd eot^.j;^,^,, . 
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ttnee lU tac«|*ioa tn MIS, t*»* 
NACA ha* Increased iatiae from an 
organlaallon o* *bout IS amployaeB 
lo one employing over 8000 peraon- 
nel. -Cmrefit -aKpanalofi la «A)or 

phaaea oI «»t Committee' • reaearch 

program baa created 
well<cuallfled applicants. Scletrtlllc 
peraonnel are assigned to apeclal- 
Ited research projects as ao* ** 
they report lor duty, and are glren 
ample opportunity to develop within 
their chosen Held. Indlri^lB arm - 
[tnd ao •'blind alley" positions to 
the HACA: On the ««ttwy,toe pol^ 
icy oi the Committee Is to assure 
lU poStlble rtcognllloo and advance - 
meat to those employees who merit 
them;^^ 'toh**' promoWt^^ 

within the WACA may ^ q«tte 
depending apon 

ibllHy and fltneas fl( an employee 
to till a higher lewel poaition. 

igdaeatloo and Training 


Hie HACA encourages the 
eaUoaal **4 professional 
mefd Of it* employees hy prortdlnc 
lectures and seminars to beep per 
advised of the totest ^vel 
opmenti to Oielr own ^ 

^e of speclalltallw. to 
errsncemenls hsve teen msde with 
local edocalloosl Inelttotions to make 
ivaUabU to HACA omployees^c- 
lal after Jioors couraes mfereo by 


. ^ofessloosl Societies 

tmployees Are ancoorsged to 
attend meetings of professional and 
.aKOentlflc societies, *«^ *<> t^e a^ 
"tive part both to the preseirtstton « 
papers and to the clfictol wmdnct 
^^ybuslncsB. ^relhe^lv- 
dtlee at a meeting will eontrlbale 
directly to toe Cemmtttee s .re- 
search program, selected men^rs 
pr the staff may attend the meeting 
ad Otnwuneat eapense. ^ 


■ 4Bclentlfic Prestige 


dlpporlunlty Is edfered ior pr^ 

ieaslonal association with aome .ta 
the nation's leading scientists who 

are directing research projects tor j 

tbeNACA. ; 

Technical PUblicathms ' ; . 

' al Investigations ecndueted by we - , 

HACA is prepared to reiwrt tor^ 

^itd diaaemlnaled tothe mUUyf^ 
naval services, thealrcrslt tadostry. - ' 
mid others ooneeraed. 

,aorU are prepared biy toe at|e«tlllc 
and lechnltal personnel working w 
the particular reswrch projects; 
therefore, ample opportunity 1^* ^ 
fered forthepreparatlonandartbo^ - 
ship of technical HACA reports. ... 

- addition, toe Commltteeacti^ an-.^~.v. 

courages and apoosors the poWm- ^ ^ 

' Aion to sclentlflcaiid technical Joer- - v. 

nals of articles based on woibi»hr- , s 
' tormod to toe Committee, ;• 

■- -Other apedal .interests ed Its per-;^^Sji _4 
aonnftl. Such srtlcles are, of course, . 
-mdiject to security ctoarasw. 


tt . The patent policy <tf 

- iidesign^toprotecl toeemJfloyFd'd.'f^s^' 
• eights, am well as those of toe Oov-^.^./, 

atometit. patents on Inventions re- 
-iated to the Committee's work pro- • - 
* ■'ijmns will heewi ^jg th ^^^*^ - 





■' ilo tliv InveTiloi'. 'flic only in- 
■,'aiice in which the GovernD^»l as- 
‘ 'tnip.s full title to an lni/^|&n is 
• hen the Ideals inteprally rSmcrtt'd 
'"•ith tht specific work assignment of 
the employee. In all other cases, 
tl'« employee retains the commer- 
cial rights, or all rights, of the pal- 
*nl depending upon the nature of the 
invention . 

; JtecreaUonal Faculties 

It Is the policy tA the NACA to 
encourage and support anyorganlacd 
■activity on the part of employees 
«’hich will help to maintain a high 
worlUng morale Employees have 
formed social clubs, sports groups, 
musical organisations, bobby clubs 
and theatre grdups which have a 
«etnl -official standing, and whose 
activities are reported in a weekly 
BPw.';paper. Excellent social and 
recreational laclUtles are also of- 
fe t ed in the communities In which 
NACA otliceB are located. 

Salary Range 


Entrance salaries, which are 
based on position duties, are deter- 
mined in large measure by theijual- 
Ificationsof the amiolntee. ■Periodic 
Increases are provided tor »mploy- 
ses whose performance meets pre- 
-seribed standards of efficiency .Sal - 
arles are also adjusted from time 
-to lime to meet dunging condiUons. 
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cc Nev> Tork 6S-1S387 



FEDEBAL SUSEAD OF IRVESTIGATZON 
UNITED STATES DEPABTUEirr OF JUSTICE 



BECORDSD U-10-50 


Laboratory Work Sheet 


UI.TiIA-rJ EiliiL, aka 
* Espionage - R 


File # 
Lab. I 



65 -ii>Ji 2 -// 
D-l^OIOl BE 


FII2 


yCClevelantT 65-27^0 


ict. lt-0-50 


Date Beeeived: 


6-10-30 


Doc« 




UABLOtUa; ^ 


SzaBinatlon requested by: 

Date of reference communication: 

Examination requested: 

fiesult of Examination: Examination by; 

V- y • ^“7 X .. nVv ^ 

Specimene submitted for examination 


'S 2 |. 


/J'S.p- 


Q7 Postal care tearing t::. acKir. *Ir. perl I6b0^ Larenrrood avenue 
Cleveland 11, Ohio," pm. "KICOXVILU; TiHi:. JUL 20 1*^50 6:30 KI," 
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Ohio U.S.A., beg. "Dear ¥.'ill, I an -^ing a..*.," signed "iS- - ," 

ALSO SUDLlTXEOt Film pack containing e^:posures of above listed cards* 
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